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PROVISIONAL SPECIFICATION 



Applicant <s) t 

COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH 
ORGANISATION 



Xn.vwQ.tion Title; 

SOLVENT EXTRACTION PROCESS FOR SEPARATING COBALT 
AND/OR MANGANESE FROM IMPURITIES IN LEACH SOLUTIONS 



The invention Lb described in the following statement: 
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SOLVKWT EXTRACTION MtOC*SS FOR SEPARATING COBALT AND /OR 
Q MMraANEflB PROM IMPURITIES IN UiACH SOLUTIONS . 

The praeent invention x« atM to a p„ C ess for separating 
5 cobalt and/or maagansse from calcium and magnesium 

contain** in an a<xueous solution swell as an aqueous i e * C h 
solution, and for recovering the cobalt and/or manganese 
whore desired. 

tthe world mineral industry is experiencing an 
unprecedented interest in metal extraction from laterite 



O 

o 

<N emd ores through hydromatallurgical processes . 

Commonly, the hydrometallurgical process involves 



15 



20 



grinding, leaching and solvent extraction <SX) , with 
recovery of product via precipitation or reduction 
processes. The intensity of the leaching process 
(temperature, pressure, bio) depends on the nature of the 
ore (mineralogy, grade), the distribution of the metal (s) 
to be recovered ana the particle else reduction achieved 
during grinding. Leach solutions often contain copper, 
nickel, cobalt and sine (and/or manganeee) as metals to he 
recovered (target metals), with calcium, magnesium, iron 
and aluminium (and manganese if not b© to be recovered) as 
Impurity metals to be rejected, iron (as ferric) and 
aluminium are often removed by precipitation at low pK (pH 
2.5 - 5.0) prior to SX. 

separation, of industrial significance that have proven to 
be particularly troublesome include: 

- the separation of cobalt (and optionally nickel) from 
manganese (and calcium and magnesium) , where 
manganese is to be rejected, and 

- the separation of manganese (and cobalt and nickel) 
fron calcium and magnesium, where manganese is to be 

35 recovered. 



25 



30 
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Traditionally, sulphide or hydrc*lde precipitation 
followed by re~leaoh processes have be ro Uflod ^ ladnBIS __ 



^■N *aaua p^OCOSB 

r_ to these separations. 



Drawbacks o£ sulphide precipitation include: 
<N * ••PmwMm of manganese tsOML cobalt by sulp3bia , 

^ precipitation is incomplete and causes problem* ln 

O . *he re-leaching of sulphides needs hig* temperature and 

g 10 P" S8We , floating higH capital and operating costs. 

0 • *ne separation of copper and *i«c from nickel and cobalt 

CN needs separate processes. 

lbs drawbacks of the hydroxide precipitation process 
15 includes 

• The use of magnesia „ precipit^ion agent (if used to 
prevent gypsum formation) adds cost to the operation. 

• Manganese is partially precipitated. 
*he use of ammoniacal leaching (if UBed ) to separata 
cobalt from manganese results in conpXexity of th. 
flowsheet and causes serious problems in tbs downstream 
processes. 

Ammonia is expensive and the scrubbing and recovery of 
ammonia era difficult. 

*be separation of copper and sine fro* nickel and cobalt 
needs separate processes. 



20 



25 



30 



It is an object of the invention to provide alternative 
processes fori 

- Separating cobalt from calcium and magnesium, and 
optionally manganese, especially fCw solutions 
deficient in nickel, and 

- Separating manganese from calcium and magnesium, 
especially for solutions deficient in cobalt and 

*5 nickel* 



- PJ3740 - c* fca.dotr 2*,io/p+ 
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^ T*"* present invontion is perioral Xy based on the 

^ development of an organic solution o£ a carboxylic add 

5 anil a hy<±rco<yoxime which is effective in ehif ting the pH 
isotherm* of nickel, cobalt, copper, rinc, magnesiuw, 



^J" manganeae and calcium in such a way ad to enable 



reparation of certain groups of these elements from each. 



O other* In particular, the iaotherros of the elements 

t^j- 10 copper, zinc, nickel and cobalt are separated from the 

O isotherm of imganeae to allow effective separation of 

CN manganese from the** element 0 „ Further, the i bo therm of 

manganese is sufficiently separated from the isotherms of 
calcium and magnesium to allow effective separation of 
15 these elcooents from each other* Thus, when used in 
combination with certain leach solutions containing 
appropriate levels of elements, and in appropriate pH 
conditions, it becomes possible to separate (and 
optionally thereafter recover) cobalt and/or manganese 
20 from calcium and magnesium. Under same condition*, the 
organic solution of carboxylic acid and hydroxy ox ime may 
be susceptible to degradation, particularly with respect 
to the hydroxyoxlme component. Accordingly* a stabilizer 
may advantageously be added* 

25 

According to the present invention there is provided a 
process for the separation of cobalt and/or manganese from 
impurity elements selected from one or more of calcium and 
magnesium contained in a leach solution, the process 
comprising the step of subjecting the leach solution to 
solvent extraction using an organic solution of a 
carboxylic acid and a hydroxyoxima . The organic solution 
may optionally further comprise a stabiliser. 

35 The present invention is a particular example of a more 
general process for separating one or more of nickel, 
cobalt and manganese from the impurity elements calcium 



30 
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nagneaium contained in a l*Adbi solutipn, which process 
^ comprise* the steps of Guh;}ectin# the leach solution to 

<Q solvent extraction using a carboxylic acid and a 

hydroKyoxlme* The process of the invention that lis the 
^ 5 subject of this application is particularly suited to 

loach solutions containing low levels of nickel, since 
(N nickel has alow extraction and stripping kinetics in the 

C\) absence of further additives. 

O ' 

0> 10 The solvent extraction step described above achieve* very 

£2 good separation of cobalt (and/or manganese) present in 

O the leach solution from (manganese, ) calcium, magnesium 



and chloride impurity elements which may be present, and 
good Reparation of cobalt from manganeoe if cobalt is to 

15 be recovered and manganese is to be rejected as an 

impurity element. Xf zinc and copper are present, the 
process comprises separation of sine, copper, cobalt 
and/or manganese from impurity elements selected from one 
or store of calcium and magnesium contained in a leach 

20 solution, the process comprising the etep of subjecting 
the leach volution to advene extraction using an organic 
solution comprising a carboxylic acid and a hydrowyoxime. 
According to a preferred embodiment, the organic solution 
further comprises a stabiliser. 

25 

According to one embodiment, the elements cobalt and/or 
manganese extracted into the organic phase during solvent 
extraction are recovered therefrom* Where the organic 
phase of the extraction step contains primarily cobalt or 

30 manganese alone, the recovery step may comprise bulk 

stripping of the element from the organic phase. The bulk 
stripping may optionally be combined with ion exchange to 
remove any minor amounts of impurity elements, such as 
sine, copper and nickel to improve the purity of the 

3 5 recovered elements- Another optional process for 

improving the purity of the recovered element is sulphide 
precipitation. Sulphide precipitation is more suited to 

Ht\$j*n,pn*>K«es>>tproi\CBX*Q - ,537*4 - Co He.. doc 3J/10/04 
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CS precipitation of Any minor awimt* of copper, aino, cobalts 

and n±ck*l prosent in the manganese recovered from 
Q stripping, 

ON 

^ 5 In the situation where the leach solution contains 3>oth 

cobalt and manganese, the r«cov«ry step may comprise 
#ol«ctiva stripping of the organic phaa« to eoparato the 
CN| manganese from the cobalt . The manganese may thereafter 

^ be recoverea from the loaded strip liquor, and the cobalt 

ON 10 recovered from the selectively stripped organic solution 

^ toy bulk stripping*. 

O 

Brief Description of the Drawings 



15 The invention will be described in further detail with 
reference to the following t igures which relate to 
preferred embodiments of the invention * 

Figures X and 2 are graphs comparing extraction pM 
20 isotherms of metals using a comparative extraction system 
(Figure 1} and the extraction system of one embodiment of 
the invention (Figure 2) ~ 

Figure 3 is a graph showing the east r act ion kinetics of 
25 metals from a leach solution neins the extraction syeteat 
of one embodiment of the invention* 



Figure 4 is a graph showing the stripping kinetics of 
metals from a loaded organic phase from the extraction 
30 system of one embodiment of the invention* 



Figure 5 is a graph comparing stripping kinetics of cobalt 
using a comparative extraction system and the extraction 
system of one embodiment of the invention. 

Figures 6 and 7 are graphs comparing extraction pK 
Isotherms of met ale using a comparative extraction system 
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(Figure By and the extraction sy^ of one eabodiaen* o£ 
the invention (Figure 7). 

Figure 8 i a a graph showing the traction kinetics of 
5 manganese from a leach solution using the extraction 
system of one embodiment of the invention. 

Figure 9 is a graph anowing the Gripping kinetics of 

BBaTO9W fEO * 41 loadsd W«ic phase from the extraction 
10 system of a one embodiment of the invention. 

Figure 10 a schematic flow chart of the steps of the 
process of one embodiment of the invention. 



IS 



20 



25 



30 



35 



Figure 11 i» * schematic flow chart of tho steps of the 
proo.se of a second embodiment of the invention. 

Figure 13 is a acnemutie flow Cnart o£ the afcep|J o£ ^ 
Process of a third embodiment of the invention. 

Figure 13 is tt schematic flow cbart of the .tops of the 
proa.es of a fourth embodim-ut of the invention. 

Patailed Descript ion of the Invention 

At the core of the present invention is a synergistic 
solvent extraction step which effects extraction of a 
large proportion of the nickel, cobalt, copper, and zinc 
i»to an organic phase (to the extent that these elements 
are present), with a large proportion of the calcium, 
magnesium, and chloride neing rejected to the aqueous 
Pbn-e. Depending on the pa selected, tne mangan*«e can 
report to either the organic phase or the aguoous phase. 
a» x* chosen for a particular leach solution. The solvent 
extraction i* conducted with a combination of carboxylic 
acid and a hydroxyoxime synergist, and optionally * 
stabiliser. 
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The bydroxyoxime synergist iB «apable of ^^^^ ^ pK 
SW>, dpHso, between isotherms for nickel and cofcalt and 
<N that for "Wanese. and between the ieotharm for man^anoea 

5 and those for calcium and magnesium. This results in 
^ advantageous aeloativity of nickel and cobalts and 

^- optionally a^mem, over the impurities (manganese), 

^ calcium, magnesium and chloride . 

O 

^ 10 Ita, pH 50 value is the p H at which SO* metal extraction is 

g achieved. Thus, ApH„ i« the difference between the pH S0 

▼aluea for two netala, or the difference between the p k S q 
values for the same metal under different extraction 
conditions. 



15 



20 



25 



30 



35 



Carboxylic acid 

m tha most preferred embodiment of the invention, the 
carboxylic acid is 2-methyl, 2-ethyl heptanoicic acid 
(commercially available as Veraatic Id) or a eationlo 
exchange extractant having extraction characteristica 
similar to 2-m-thyl, 2-ethyX heptanoio acid could be used. 
Cationio exchange extraotanta have hydrogen ions ~hich are 
exchanged with metal ions in the a<*ueou« solution. The 
term carboxylic acid is used in its broadest sense to 
refer to any organic carboxylic acid. Carboxylic acids 
have the formula rcooh, in which r represent* any 
optionally subatituted aliphatic or aromatic group, or 
combinations of these groups, including optionally 
substituted alkyl, alkenyl r alkynyl, aryl, or heteroaryl 
groups (and combinations thereof) . Preferably R 
represent* a relatively bulky group containinfir *t least 4 
carbon atoma, and preferably between a to 18 carbon atoms. 

The term -alkyl- ua*d «itfa.r alone or in a compound raE a 
such as "optionally substituted alkyl- or -optionally 
substituted cycloalkyi* denotes straight chain branched or 
mono- or poly-cyclic alkyl, preferably Cl-30 alkyl or 
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^ cycloalkyl, moot preferably C4-1B alkyl. 2x«u^)1m of 

Btraiyht chain and branched alkyl include methyl, ethyl, 
butyl, iaobutyl, tort. -butyl, 1,2-dimethylpropyl, 1- 

^ mefchylpentyl , 5 -me thyllioxyl f 4 , 4 -dimethy lpentyl 1,2- 

5 dimathylpentyl, 1, 3-dimothylpontyl, 1, 1, 2-trimethylbutyl, 

^ nonyl, 1- 2- or 3-propylheKyl, decyl, 1-, 2-, 3-, 4-, 5- 

or 6-ethyloctyl, 2-, 3-# 4- oar 5-prppyloctyl, 1-, 2- 

£q or 3 -bufcy lhoptyl , 2 -hoxyl 2-methylootyl and tsho like. 

O Examples of cyclic alkyl include cyalohexyl, ayoloheptyl, 

^f- 10 cyclooctyl, cyelononyl and eyclodecyl and the like. The 

^ alkyl may optionally be substituted by any non-deleterioua 

CN arubstituent ♦ 



Ixl tbJ,o specification ^optionally substituted^ means that 
15 a group nay or may not be further substituted with one or 
more groups selected from all^yl, alkeuyl, alkynyl, aryl, 
halo, h&lealfcyl, haloalkenyl , haloalkynyl , haloaryl, 
hydroxy, alkoxy, alfconyloxy, ary lossy, benssyloxy, 
haloalkoacy, haloalkenyloxy, haloaryloxy, nifcro, 
20 nitroalkyl, nitroalkenyl, nitroalkynyl, nltroaryl, 
nit robe terooyolyl , amino, alkylamino, di alkyland.no r 
alkenylftTft1.no , alkynylamino , arylamino, diarylamino, 
benzylamxno, dibenzylamino, acyl, alkenylacyl , 
alkynylacyl, arylacyl, acylamino, diaoylwmino, acyloxy/ 
25 alkyluiulphonyloxy, axryleulphenylcwy, heterocyclyl , 
beteroeycloxy, hater oayolaraino, halphet er ocyc lyl , 
alkyl snlphenyl, arylsulphenyl, carboallcoxy, carbomryloacy, 
mercjipto, alkylthicm benzylthio, aoylthio and the like. 

30 Suitable optional subetituenta will be chosen on the basie 
that the carboxylla acid have the desired extraction 
charaotarioticB, and tha aubetituentin do not react with 
any other component of the mixture under the given 
extraction conditions. 
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B K&S5SC53S3B 

"q A hydroxyoximo is used a* a synergist with, the carboxylio 

O acrid in the solvent extraction step. A iix&roxyoxxmG is a 

0\ compound containing an oxiae group and a hydroxy group* 

^ 5 preferably, the groups are in an DC-position with respect 

to each other. Such a-hydroxyoxiaea are chelating/ 
£2 wh*r»ao oxines are gwwrally nan-chelating and thus behave 

differently. The ^cxiiae" functional group contains a 



o 



o 

CO 



carbon to nitrogen double bond, with the nitrogen atom 



Op 10 being attached to an oxygen atom* Accordingly, the term 

<3> cudLmo includes within its scope oximes with a hydroxy 



group attached to the nitrogen atom/ and oxim© ethars, 
although hydrowixne (>C»W-QK) is preferred. The 
hydroxy oxime may be a C8-C26 bydroxyoseime . Preferably, 
15 the hydroxyoxime is an aliphatic hydroxy oxime ♦ 
Preferably, the hydroxyoxime is of the formula: 

K jC ^ R» 

HO— N OH 

in which B.* and R" are each selected from an optionally 
substituted, straight chain, branched or cyclic alXyl, 

20 group containing from % to X2 carbon atoms. Preferably 
each of r 1 and R" are unsubstituted aikyl groups, moet 
preferably a heptyl group. An example of such a compound 
is 5, 8 -diethyl -7 -hydroxy- 6 -dodecanono oxime (the active 
component of a commercial agent MX 63) . This has the 

25 following structures 



?3«5 



li 



HO N 



30 
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Stabilizer 

Under soma conditions, the reagent mixture of carboxylic 
acid ana hy&raxyoxime may be susceptible to degradation, 
5 particularly with reapact to the hydroxyoxiine oc*qpanenfc. 
Accordingly, a suitable tftabilizer »ay advantageoualy he 
u»«d to alow any degradation reaction* Degradation may 
take place via a number of mechanisms, including oxidation 
and hydrolysis* Hence the stabiliser is suitably one that 

10 mitigates against oxidation and/or hydrolysis of the 

hydroaeyoxizno * Such atabilsors include , but are not limited 
to, esters {e.gv HXXB) , ethers, ketone*, alcohols (a*g* 
isodeoanol, TDa) and alkylphenols (e.g. nnnylphenol, 
dodecylpbenol, SB'S, lonol) „ Preferably the stabilizer is 

15 an anti-oxidant. Of these, we have found the aMsylphanol 
antioxidant* to be particular useful. The term 
*alkylphonol* enoompawjoB all alkyl derivatives of pheajtol, 
and in particular those derivative* with one or more 
straight chain, branched or cyclic alfcarl mubatltuenta . 

20 The alkylphenol 2 , 6 -hi s ( 1 , 1 - dimethy le thy 1 ) - 4 -methyl phenol 
(commercially available as bh* and lonol) or reagents -Jfitti 
similar ant i -oxidant characteristic* to 2/€-bie(i, 1- 
diiaethylethyl) -4 -methyl phenol are particularly useful. 

25 freach solution 

The leach solution subjected to the synergistic solvent 
extraction with the organic solution of carboxylic acic, 
hydroxyoxime and optionally a stabilizer nay be any fcysje 
of leach solution containing cobalt and/or manganese, 

3 0 together with iapurity elements selected from one or jacjre 
of calcium/ magnesium, (manganese) and chloride, 
optionally together with copper and zinc- preferably, the 
leach solution is one containing little nickel. 

35 In this respect, the leach solution suitably contains ijess 
than lOOppaa nickel, or any other low level that does net 
warrant recovery for economic reasons. Wh«re cobalt in] to 



COMS ID No: SBMt-00977479 Received by IP Austria: Time (H:m> 16:39 Date (Y-M-d) 2004-10-29 



/10 2004 16:34 FAX 61 3 92438333 



GRIFFITH HACK 



+ IPAUSTRAIIA 



S - 12 - 

O 

b* recovered, the nickel in suitably promt^t in any wount 
of leas tlfcan 50$t of that of cobalt (for eataanple, <100pp» 
Q nickel, >200ppm cobalt) - 

^ 5 According to one aittbodiment, the leach. solution may 

contain the following levels of elements: 

CO 

^ Nia 0 - 10Q ppm 

^ Co* 100 ppm - 5 q/X» 

10 Cu* 0 - 100 ppa 



o 



Znt 0.2 - 2 g/If 



O Ca* saturated (0*5 - 0*7 tf/l*> 

^ Maa 1-50 0/L 



Hers 2 - 100 ?/L 



15 



The leach solution may for instance bo a pregnant loach 
solution obtained from the pressure acid leaching of any 
suitable ore type, Buck as a laterite or sulphide ore. It 
may alternatively be a solution from bio- leach., 
20 atmospheric acid leach* oxidative leach, reductive leach, 
chloride leach or any combination of these leach 
processes* The steps involved in producing such leach 
solutions are well known in the art* 



25 The leach eolation ie preferably a solution that has been 
subjected to a preliminary iron and/or almnjnium 
precipitation step to precipitate out iron and/or 
aluminium to leave an aqueous leach eolation containing 
the target element* end impurity element* identified 

30 above. The leach solution may alternatively or further 

have been subjected to one ox nore additional treatment or 
processing- ata&ea. 



Synergistic solvent east taction conditions 
35 The solvent extraction step involves contacting an organic 
solvent containing the carboxylic acid* hydroxyoxime and 
optionally stabiliser with the (aqueous) leach solution. 
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<N The drg»aLc solvent may bo any ouitablo organic solvent 

known in the art. K«jroie)a«i ig the moat common 
O solvent /diluent used for this purpose due to its low cost 

ON and availability, Sbellsoi 2046 is one specific extuttple,. 

^ 5 

the mount of earbonylic acid and hydroHyoxime (and 
stabiliser) in the organic solution used in the solvent 
CS extraction step trill depend on the concentration of the 

^ (nickel) , cobalt (and optionally manganese) or both to be 

ON 10 extracted and the A/O (aqueous/ organic) flow rate ratio* 

O The concentration would typically be in the range of from 

S 0.1 to 2*0 M for carbOHylic acid/ with a preferred range 

of 0.1 to 1*0M, and 0.05 to 1.0 M for hydr oxyoxime . The 
concentration of stabilizer may be in the range of from 
15 0 to 0.1 H, typically 0.009 to 0.1 K. 



Preferably* the pH of the aqueous phase is maintained in a 
range from 3.5 to 5.0 and rare preferably 4.0 to 4.5 in 
the extraction step if manganese ia to be rejected. 

20 Prefer ably r the pH of the acjueoua phase is maintained in a 
range from 5.5 to 7*0 and more preferably 5«9 to 6*3 in 
the extraction step if manganese is to be recovered* The 
temperature is preferably maintained in the range of from 
10°C to 60°C, more preferably from 20 to 40°C. Khilet 

25 temperatures as low as 10°c are achievable, a temperature 

lower than 15*C results in high viscosity* At temperatures 
higher than €0°C there is a risk of evaporation and 
degradation of the organic phase, 

30 The aqueous to organic ratio (A/O) in the extraction step 
is most suitably 1:1, but may lie in the range from 10:1 
to IfilO, and preferably 1:5 to 5tl. tfhe aqueous to 
organic ratio maintained in the scrubbing step may lie 
within the range from 1*5 to 1:200* but preferably it Is 

35 in the range of lt5 to 1;20* 

The cobalt and/or manganese extracted into the loaded 

It ( \4imQoa%K««p\Sp*cl\C5lR0 - r»?«ff - Co tin, doc 23/10/04 
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CSJ organic pha»a in the synergistic solvent extraction can be 

rocovarod in dovm«tr«wn processing stagras* 

o 

Scrubbing 

^ 5 The organic phase from the aynergistic extraction step of 

the invention is suitably subjected Ho scrubbing, The 
CS *arub solution anay suitably be a s»xoc«bb stream recycled 

C<\ from the process, and is preferably derived from nn 

^ aqrueous fltroam of a tripping xitage (which, may be a 

10 selective stripping stage) following the scrubbing stage, 

O 

O 5SSB2SBC SS c °balt / ajgngroeae or both from scrubbed 

organic solution 

tthere are a number of option* envisaged by the applicants 
15 for the recovery of cobalt, aaagaaftM or both from the 

scrubbed organic solution. One example for the situation 
whero both cobalt and manganese ara extracted (i*e. pH of 
eujuecrus phmsa in extraction is 5.5 to 7,0) in sat out 
below. It is noted that other options within thm skill 
20 knowledge of those in the art could be used in place 

of the following, and are within the scope of the present 
invention, Moreover, different steps would be used for 
different leach solution*; containing different levels of 
elements, or when other element* axe desired to be 
25 recovered or removed* 



Selective stripping to separata cobalt and Manganese 
According to one etnbodiaent of the invention, the organic 
phase containing cobalt and manganese is subjected to 

30 selective stripping to separate to a significant extent 
the cobalt and the manganese - The selective strip 
suitably involves contacting the organic phase from the 
synergistic extraction with an acidic aqueous solution to 
yield (a) a loaded strip liguor containing manganese and 

35 (b) a selectively stripped organic solution containing 

cobalt (and zinc, nickel and copper, if they were present 
in the organic phase from the synergistic ©attraction) . 
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o 

^ Ehe acidic equaoua solution for the selective strip is 

O suitably sulphuric acid solution, although ofcKor a<xueous 

Q> acid solutions known in the art (such ad hydroakloric) nay 

^ 5 be uaed. <rhe pH of the acidic a<jueous solution is 

suitably in the range of about 4,0 to 5*0/ depending on 

£j fche level of separation desired. Most preferably , the pH 

(Sj i« about 4. 5, 

\o 

O 

CjN 10 The combination of tbo described synergistic extraction 

<3> with the selective atrip of nangfinoo© from cobalt is a 

O very useful combination, enabling the recovery of 

manganese and cobalt -awing only one solvent attraction 
circuit (although* mora than cm circuit could be used if 
15 so desired with other process at ape) « 



Other BSgSSSS details 



The synergistic extraction atop of tha present invention 
20 may bo combined with different preliminary and following 
process stops for the development of process suitable for 
the recovery of cobalt axxA/or nickel whan different 
impurity elements may be present » 



25 Xt will be well understood to persona skilled in the art 
of the invention that scrubbing stages of the type well 
known in the art may be used for recovering* elements even 
if the scrubbing stages are not specifically mentioned. 
The design of the optimum arrangement of scrubbing stage* 

30 will depend on the specific aqueoua leach solution and the 
elements desired to be recovered therefrom (and target 
percentage recovery levels) . 



It is also an advantage of the present Invention that 
35 cobalt can be separated from impurities contained in leach 
solutions without intermediate precipitation of the cobalt 
with other impurity elements and re-leaching of the 
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o 

CS precipitate to subao«zuently enable the removal of the 

"q iaipuritio*. Thus, in a prefer rod embodiment of the 

O invention, the process does not include a precipitation 

Qs, step involving precipitation out of the target elements 
5 and re-leaching of the precipitate. 



Exajgolen 

(S) Tho present invention -will now- be described in further 

£2 detail with reference to the following 1 examples which 

0\ 10 demonstrate the underlying theoxy behind the invention, 

^ and how the invention is put into pr actio** 

O 

Bet oh TflJt WtoxrJc 

Example 1 - Extraction pB isotherms of metal* with 
15 Versatic 10 / 1,1X63 synergistic system. 

This ixawpla illustrates that when carboxylic acid 
Versatic 10 is used as the extractant with no added 
synergist, the pH isotherms of the ^valuable" elements an, 

20 Mi/ and Co are too close to the isotherms of the* 
^impurity* elements Mh, Ca and Kg for effective 
separation. However when a synergistic system comprising 
Versatic 10 and hydoxyoxino LIX 63 is used, the isotherms 
of the ^valuable" elements Cu, zn r Ni r and Co are 

25 sufficiently separated from the isotherm of Hn to allow 
effective separation. Further, the isotherm of Ma is 
sufficiently separated from the isotherms of Ca and Mg to 
allow effective separation, 

30 The aqueous solution was a synthetic solution to simulate 
a typical laterite leach solution containing 3 g/L Ni # 0.3 
g/L Co r 0.2 g/b Cu and Zn r 2 g/I> Ha, 10 gr/L Kg and 0.5 g/L 
Ca. 

35 ^he metal extraction pH isotherm* with the 0.5 M Versatic 
10 (carboxylic acid) alone were determined and plotted* as 
shown in JTig* 1. The metal extraction pH isotherms uaing 
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the combination of 0.5 M Voi-jontlc 10 and 0.35 M LIX63 
(hydroxyoxime) vers also determined and plotted in Figure 
3. conqpax-inon of tlia two figures reveals that the 
combination of I»XX63 wit it Versatic 10 resulted in 
significant synergistic extraction isotherm shifts (to 
lower pH) for nickel, cobalt, copper, zinc, and manganese 
and antagonistic shifts (to higher pK) for calcium and 
magnesium. As shown in Figure 3, with the 0.5 M Versatic 
10 / 0.35 LXX63 system, the ApH 5 o values of nickel, cobalt, 
copper , zinc, manganese and Ca were found to be 2.8, 3.5, 
»2.0, 3.0, 1.2 and -0.5 pH units, respectively. 

pHgo of metals from pg isotherms in Figs 1 and 2 



Metal 


pH 5Q 




0.5M Versatic 10 


0.5M Verpatic 10 
+ 0.35M IiXX 63 


Hi 




3.4 


2.3 


Co 


6.3 


\ 2.8 


3.5 


CU 


4.1 


<3,0 


>2„Q 


Zn 


5»7 


3.7 


2.0 


K& 


6.5 


5.3 


i*a 


Ca 


7.0 


7.5 


-0.5 



15 The ApHgo (Ma-Hi) value for the 0*5 H Versatic 10 / 0*35 H 

LXX63 tfydtom wad found to be 1.9 pH units and the ApHsoocn- 
co) value 2.5 pH units, indicating easy separation of 
nickel and cobalt from manganese, calcium and magnesium- 
The ApH 50 (c^-tij value for the 0.5 M Versatic 10 / 0,35 M 

20 1*1X63 system was found to be 2.2 pH units, indicating easy 
separation of manganese from calcium and magma & lira. 



Example 2 - Extraction kinetic m with Versatic 10 / XfZX£3 
synergistic system. 

25 

This example illustrates that when the synergistic system 
comprising Versatic 10 and ftXX (S3 is used, Cu, Co, Zn and 
Mn display fast extraction kinetics, while the extraction 
kinetics for Ni are slew. Hence this system is 
30 potentially suitable for Cu, Co, Zn and Mn recovery when 



Hi\&iMo**\itecp\apeBiVC«JW> - M2ruo » So «4.d*c 29/ 1&764 



COM3 ID No: SBM1-00977479 Received by IP Australia: Time <H:m) 1 6:39 Date <Y-M-d) 2004-1 0-29 



L3/10 2004 1S:36 FAX 81 3 92438333 



GRIFFITH HACK 



IPAlfSTRAtIA ©021/041 



- 18 - 

O 

^ the leach solution contains little Ni. 

Q Tests were conducted to establish the extraction kinetics 

^ of the metala in the synthetic laterite solution using 

(N 5 Versatic 10/ItXX63. The extraction kinetics of copper, 

cobalt , seine (and manganese - 0949 Kxsaple 6 and Fig d) 
(SI war© found to bo fast and the extraction kinetics of 

^ nickel wr« found to bo relatively Blow (Fig. 3} . Within 

30 seconds, only 55% »1 was extracted and within 2 

O 

qs^ 10 minutes, only 74 s ** Xt ±0 noted that Ma and Zn are crowded 

^1 out as Ki extracts. 



O 
O 

CO 



15 



Example 3 - Stripping kinetics with Versatic 10 / 1.1X63 
synergistic system. 



This example illustrates that when the (synergistic system 
comprising Versatic 10 and I-XX 63 is used, Cu, Co, £n and 
Ma display fast stripping kinetics, while the stripping 
kinetics for Ni are slow* Hanoe this system is 
20 potentially suitable for Cu, Co, Zn and «n recovery when 
the leach solution contains little Ni. 



Testa were conducted to determine the stripping kinetics 
of the metals from the 0*5 K Versatic 10 / 0.35 K &XX63 
25 system using a strip solution containing 5 g/Ii Mi and 10 
g/Ii sulphuric acid (Fig. 4) » The stripping kinetics of 
copper, cobalt and *inc were fast. The stripping kinetics 
of nickel were slow, with only XB% of the nickel being 
stripped after 2 minutes of ttixing. 

3 0 

Exsggle 4 - Stripping of cobalt from &IX63 alone and 
versatic 10 / L1X63 system** 



This exainple illustrates that when tho synergistic system 
35 comprising Versatic 10 and Iiix 63 is used, Co displays 
fast stripping kinetics, however when I»IX 63 alone Is 
used, Co cannot bo readily stripped thus making MX 63 
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O 

^ alomft an unsuitable extractaut for Co-containing 

solutions . 

o 

Cobalt (XX) can poison bydroxyoxime reagents such ae 1*1X63* 
5 This means that; once cobalt (IX) is extract ad by 

hydroxyoxim* reagents (and paddlses to Co(XXX)), it cannot 
CS h« fltripp«d with, eroncontrated adds. Tests were conducted 

^ to — ^th» «te new astern r«ul tB In cdb.lt pol.onl, ff 

of tli©: ext r &c fc ant / synergi st * 

O 

On ^° 

^ Parallel tests wore conducted with 0*35 H t*TX63 alone and 

O 0-5 H Veraatio 10 / 0,35 M 1.1X63 systems* by mixing the 

organic solutions with aqueous solution containing cobalt 
(Pifi. 5)* The organic and aqueous solutions were left in 
15 contact with air bubbling for 76 hours » Thereafter, a 

sulphuric acid solution of 100 g/1 sulphuric acid was used 
to strip cobalt from tho loaded organic solution sample * 
The cobalt stripping efficiency fremt tho 0.35 H XrXX*3 
alone system was only 29* 29* after 10 minute* stripping* 
20 The cobalt stripping efficiency for the 0*5 U versatic 10 
/ 0.35 M 1*1X63 system was 99.5%. This Indicates that 
cobalt (XX) does not poison the Versatic 10 / X.XX33 system. 



Example 5 - Extraction pH isotherms of metals with 
2H Versatic 10 / hXXGB ayatenu 

This example illustrates that when Versatic 10 is used as 
the extractant with no added synergist,, the pH isotherm of 
Mn ig too close to the isotherms oJ? the * impurity 
3 0 elements* Ca and Kg for effective separation. However 

when the synergistic system comprising Veraatic 10 and *,XX 
S3 is used, the isotherm of Mn is sufficiently separated 
from the isotherms of Ca and Hg to allow effective 
separation* 

35 

The aqueous solution was a synthetic solution to simulate 
a typical waste latexite leach solution containing 1.46 
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g/r- wen, 17*6 sr/t. Mg ana 0-54 gr/i* CHu 

The extraction pH isothermal were determined for 0*5 M 
ver*atic 10 alone and 0.5 M Versatic 10 / 0.2 M 1,1X63 
systems and shown in Figs\ 6 and 7, respectively. The 
pHsQtua* decreased from tf«9 to 5*6 pH imifc^ while .the 
positions of isotherms of magnesium and calcium remained 
virtually unchanged, At pH 6.5, the oxtr actions of 
manganese, calcium and magnesium were 17.9*, 2.84% (or 46 
^rpra)and 0,16% tor 82 ppm) , respect ively,. for the Versatic 
10 alone ay stem while the extractions of manganese* 
calcium and magnesium were S7.3>t, 2.41^ (or 39 ppm) and 
0.059c (or 2$ ppm> , respectively, for the Versatic / IfXX«3 
system. This indicates that the selectivity of Versatic 
10 fox- manganese over magnesium and calcium wi« very 
greatly improved* 

Bxample 6 - Extraction kinetics with Versatic 10 / WX«3 
system. 

This example illustrates that whan the synergistic system 
comprising Versatic 10 and i*XX S3 is used, Hn displays 
fast extraction kinetics. Hence this system is suitable 
for Ma recovery* 

The extraction kinetics of the metals in the synthetic 
waste laterite leach solution using the 0.5 M Versatile 10 
/ 0.2 m L.IX63 system were determined and graphed in Fig. 
8. As shown, the extraction kinetics o£ manganese were 
fast* Within 0.5 minutes, the system almost reached 
equilibrium with manganese extraction of 80%. 

Example 1 7 - Stripping kinetic* with Versatic 10 / I.XX63 
system. 

This example illustrates that when the synergistic system 
comprising Versatic 10 and fclX 63 is used, ttn displays 
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faac stripping fclnotice . Hence this system is Suitable 
for Mn recovery* 

The stripping kinetics of the manganese in the loaded 0.5 
5 H Vcreatic 10 / 0,2 H LIX63 system, were determined using a 
strip solution containing 60 g/n Mn and 35 g/X* sulphuric 
acid and. graphed in Fig. 9* Ao shovm, the stripping 
kinetics of manganese mix:* fast. Within 0*5 minutes, the 
system almost reached equilibrium with manganese 
10 retraction of 99»&- 

I>rac*8M Flowcharts 

Bragglg 8 - Ptoc«Bo for separation and recovery of cobalt 
and manganese from loach solutions* 

15 

Based on the above findings r a new direct solvent 
extraction (DSx) process flew sheet wae designed. The 
flow sheet is shown in Figure 10. 

20 Leech solution 

The leach solution contains manganoee and cobalt/ as well 
as the impurity elements calcium and magnesium, but little 
or no copper, zinc or nickel, k suitable solution 
composition for this flow sheet may comprise Co > 200 ppm, 

25 Ma > 1 g/z., Ca < 50 g/ii (ca will be < i g/X. in sulphate 
solutions) , Mg < 3,00 g/X, Cu* an and Mi < 100 ppm (or of 
no economic value) * Xt is noted that the flow sheet is 
not limited to such leach solutions, and the leach 
solutions may comprise different levels of the given 

30 elements, optionally together with further impurity 

elements. This leach solution is one that may have been 
subjected to preliminary neutralisation with limestone at 
pa 4.5 - 5.0 to precipitate impurity elements Fe (III) , 
Al, g± and Cxr« 

35 

Synergist solvent extraction (SJSX EX) 
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O 

^ In the synergistic splmt extraction atop, an organic 

^ solution off carboxylic acid (Veraatic 10) , & hydroxy oxime 

Q CLXX $3) and a stabilizer CXonol) in organic diluent 

Shellsol 2046 is contacted with the loach solution at pK 6 
CS 5 - 6,5 to obtain (a) an atjueous raffinate containing 

magnesium and calcium, and {b> a loaded organic Solution 
containing almost all of the cobalt and ittanganese, and 
^ only minor levels of calcium and magnesium. 

^ 10 Scrubbing (SC) 

^ The organic solution from the extraction step is subjected 

O to scrubbing at pH 5.5 - 6 using a sulphate solution 



containing a email amount of manganese from the next stop 
of stripping X, resulting in (a) a scrubbed organic 
15 solution containing cobalt and manganese, and (b) a scrub 
liquor which is recycled to the larynergiafcio solvent 
extraction stop. 

Selective stripping (371) 

20 The scrubbed organic aolution la subjected to stripping 1 
(selective atrip) uelng a sulphuric acid aolution at pK 
between 4-0 - 5.0 resulting in {a} a loaded atrip liquor 
containing manganese, and (b) a stripped organic solution 
containing mainly cobalt and only a -very small amount of 

25 manganese. 



The loaded strip ligaor is sent to manganese recovery, 
•with one stream returning to the previous scrubbing stage. 



30 Scrubbing (SC3> 

•The organic solution from stripping 1 is subjected to 
scrubbing 2 at a px of 3.5 - 4*0 using the aqueous strip 
liquor from a subsequent stripping stage (at ripping 2). 
This st top results in €a> a scrubbed organic solution 

35 containing cobalt, and (b) a scrub lienor which is 

recycled to the original synergistic solvent extraction 
stage to maximise cobalt recovery. 
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stripping (ST2) 

*Efce scrubbed organic solution. is subSected to stripping 2 
using sulphuric acid solution At pH between 2*0 - 2.5, 
■the cobalt recovered in this stripping stage £0 optionally 
subjected to rinc/eopper/niefcel ion exchange to enable 
removal of any zinc, copper and nickel impurities present. 
Vttm zinc, copper and nickel is disposed of, end Umi cobalt 
is sent to cobalt recovery by any process known in the 
art* One example is cobalt precipitation using base or 
sulpiride* 

Bbceinple 9 - Process for separation and recovery of cobalt 
from leach solution** 

An alternative solvent extraction process flow sheet wae 
formulated for the recovery of cobalt from leach solutions 
containing- ixapurity elements manganese, calcium and 
magnasiira, with little or no copper, sine or nickel. This 
flow sheet is shown in Figure 11. A typical solution 
composition for which this flow sheet could be applicable 
comprises Co > 200 ppm, Mn < 100 g/£, Ca < 100 g/£ (Ca 
will be < 1 g/li in sulphate solution*) , Mg < 100 g/r., Cu, 
fcn and wi < 100 ppm (or of no economic value). Of course, 
variations in this solution composition are possible. 

The plant leach solution (M,S> is adjusted to a pH between 
4,0 - 5.0 and subjected to the synergistic solvent 
extraction (ssx) described in relation to Example 8 above. 
The organic phase contains the cobalt (as well as sine, 
copper and nickel to the extant that these are present) 
and a minor level of manganese. The aeneous raffinate 
contains magnesium, calcium and manganese. 

scrubbing is conducted as described above in relation to 
Example 3, at jpH 3.5 - 4.5, yielding <*) a scrubbed 
organic solution containing principally cobalt, but also 
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O 

^ zinc* copper* and nickel in very low <*uantifciea if present 

at all in the plant: leach solution, and (b) & scrub liouor 

O 

q which is recycled to the original synergistic solvent: 

^ extraction stage to maximize cobalt recovery. 

5 The organic: phase of Che scrubbing stop contains cobalt r 
and po*aibly zinc, nickel and copper, which is then 
subjected to stripping with sulphuric aeid at pH bttwan 
S 2.0 and 2.5. tth, loaaea •trip li^or 1» wnt to oeWt 

recovery (with ona stream returning to the previous 
10 scrubbing a go) f optionally via ion exchange, with the 
organic phase returned to the synergistic solvent 
<3> extraction . 



Bxample 10 - Process for Separation and Recovery of 
15 Coha.lt , Copper and ZittC- 



rigure 13 details a proceaa flow sheet; which ±b a 
variation on that illustrated in Figure 11, and described 
in Example 9 above* 

20 

fhe proceed of Figure 12 is suitable for recovering 
copper, cobalt and zinc from leach solutions that contain 
impurity elements manganese, calcium and magnesium, with 
little or no nickel, a solution composition to which this 

25 process may suitably be applied contains the following: Cu 
> 500 ppxn, Co > 200 ppm, Za > BOO ppm, Ha < 100 g/I*, Ca < 
100 g/I> (Ca will be < 1 g/l> in sulphate solutions), Mg < 
100 g/i» and Ni < 100 ppm (or of no economic value) - Of 
course* variations in this solution composition are also 

30 envisaged* 

*?he plant leach solution is subjected to copper solvent 
extraction and copper electrowinning. The leach solution 
containing reduced: levels of copper, end all other 
35 elements , is then subjected to iron and aluminium 

precipitation (Fe/Al PPT) by neutralising the loach 
solution with limestone to a pH of between 4.0 - 5.0 to 



COMS ID No: SBMl-00977479 Received by IP Australia: Time <H:m) 16:33 Date <Y-M-d> 2004-1^29 



FAX 61 3 S2438333 



GRIFFITH HACK 



IPAUSTRALIA (gf 028/041 



- 25 - 

precipitate iron and aluminium* The leach solution is 
then subj acted to the synergistic solvent extraction* 
scrubbing and stripping a* described in relation to 
Example 9 and Figure 11 above* As will bo appreciated, 
any copper and zinc still present report* to the phases to 
which the cobalt report*. 

The aqueous phases collected from scrubbing and stripping 
contain cobalt, zinc and minor levels of copper, together 
with any levels of nickel which, rmy be present. The 
agueous liquor is subjected to *inc solvent extraction to 
remove sine therefrom for recovery. Thereafter, the 
cobalt (and nickel and copper) containing solution is 
subjected to nickel and copper ion exchange to enable 
nickel and copper removal and disposal- ^thereafter, the 
cobalt is recovered. 

EKgjnple ll - process for reparation and recovery of 
manganese from leach solutions. 

A new solvent extraction pro coon flow sheet was developed 
for recovering manganese from leach solutions that contain 
the impurity elements calcium and magnesium, with little 
or no copper, sine, cobalt or nickel* This is est out in 
Figure 13. A typical solution composition which nay be 
subjected to this process may comprise Mn > l g/L; Cs < 30 
g/Xr CCa will be < 1 g/I> in sulphate solutions); Mg < 100 
g/Ii; Cu, En, Co and Ki < 100 ppm (or of no economic 
vnlue) . Of course, variations in this solution 
composition are envisaged. 

The leach solution, which may have been subjected to 
preliminary processing steps, is subjected to synergistic 
solvent extraction with the Versatio 10 / LXX 53 / XanaX 
synergistic system, with the aqueous phase adjusted to a 
PH between 6.0 - 7.0. The aqueous raffinate contains 
calcium and magnesium, and the organic phase contains 
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o 

(SI manganese, with minor levels of calcium of magnesium, The 

^ organic phase is subjected to scrubbing using a scrub 

Q solution at pH bftt^<m 6*0 - tfhe scrub solution is a 

stream of the manganese sulphate solution generate* in a 
S subsequent stripping stage. The organic phase from the 
scrubbing stage containing manganese is sent to flfcripping, 
Ol «*nd the agrueous scrub liquor is recycled to the 

^ synergistic solvent extraction stage. 

o 

O 10 Stripping is performed on the organic phase using 

^3" sulfuric acid at pH between 3,0 - 4„0» The aqueous atrip 

1 O liquor is optionally subjected to sulphide precipitation 

^ to remove any copper, zinc, cobalt or nickel impurities 

present, and the Manganese eent to manganese recovery. A 
15 stream of the atrip liquor is recycled to the scrubbing 

stage. This process is particularly suited for situations 
where the manganese value is acceptable, making it 
desirable to recover the manganese from a leach solution. 
X£ the leach solution contains appreciable levels of 
20 cobalt, and other element* having pH isotherms similar to 
cobalt, then the process of Rswnple 8 and Figures 10 would 
be more suited* 



Example 12 - Effect of stabilizer (Xonol) on degradation 
25 of bydroxyoxime (tiXXM) in Verstaic 10 / system. 

This example shows how addition of an ant i- oxidant 
stabilizer (lonol) slows the rate of degradation of the 
hydroxyoxijae I.IXS3 in the Versatic 10 / LXX63 extraction 
30 system* 



An organic extractant solution (25 ml*) containing 0.4H 
MX$3 and 0.J5K Versatic 10 in Shellsol D70 diluent was 
loaded with a synthetic leach solution (50 mi) containing 
35 0*5 g/X* Ca, S g/n Na, 24 g/1 Hg, 45 g/X. Mo, 0.2 g/I* Co, X 
g/Ei Zn and 0.15 g/x* cu, at pH 4.5 and left to stand in a 
water bath at 25°C. Two further (duplicate) systems, each 
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15 



JO 



containing io g/i, lonol « 8M p repared ^ fcro(lfc . a 
■iallarly. AJUr le day,, the org-nic aoiution WO a 
aanplod and analysed for 1,1X63 vaing stab ehrooat^hy. 
*he respite ore ahoen in the table below. Aft4>r lB ^ 
in the lonol-free syete*, 5.2 * of fcno LIX«3 had been 
degraded. After le a(iya ln ^ dupllcat:a wteaB 
initially containing 10 g/i Xonol, o. 7 * ^ j.,^ of tha 
1.1X63 had bean degraded. 



10 Table i a*ime coneantration in the 
solution!, m a function of ccmt^f. tima 



loaded organic 



Contact time 
(days) 



0 
8 

18 



Veraatic io + 
EI3C63 



1,1X63 (*> relative to initial concentration 
Veraatie 10 * Veraatic 10 + 
*?X63 + lonol L1X63 + lojool 



100.0 
97.0 
54. B 



100. 0 
99. e 
99.3 



100.0 
99.3 
98.4 



it «ai be unaa^tood to peraona skilled 1„ th e art of the 
invention that many modification* may be aade to the 
a*bodi»*nt B described without departing £r m the spirit 
end scope of the invention. 

Dated thio 29th day of October 2004 
COWKONWHIAIiTH SCrBMDIgTf AEtD INDTTBTTt TAI. BgggAjtC H 
ORSMnSATIQU "— 

By their Patent Attorneys 

GRIFFITH HACK 

Fellows Xnatitnte of Patent and 
Trade Hark Attorneys of Australia 
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Figure 6 
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